Purpose: To evaluate the postoperative analgesic and adverse effects of three doses of dexamethasone, administered epidurally in combination with lignocaine, in dogs undergoing ovariohysterectomy (OVH). Methods: Twenty-four female dogs undergoing ovariohysterectomy were pre-medicated with acepromazine and general anaesthesia was induced and maintained with propofol. Animals were randomly allocated into four groups of six. The control group was given lignocaine 2% (LI) and the treatment groups were given lignocaine with either 2 mg dexamethasone (LIDEX2), 4 mg dexamethasone (LIDEX4) or 8 mg dexamethasone (LIDEX8) administered at the lumbosacral epidural space. Duration of postoperative analgesia, first analgesic rescue, motor blockade, heart rate, blood pressure, respiratory rate, and rectal temperature were evaluated. Results: The duration of postoperative analgesia was 19.5 (SD 6) hours for LIDEX8 (p=0.001), 10 (SD 2) hours for LIDEX4 (p=0.002), 4 (SD 2) hours for LIDEX2 (p=0.074) treatments compared with values for the LI control treatment 2.2 (SD 1.6) hours. All treatments had significant cardiovascular and respiratory alterations but they were within acceptable range in these clinically healthy female dogs. Conclusion: Dexamethasone added to epidural lignocaine significantly extends the postoperative analgesia after ovariohysterectomy in female dogs.
with little mineralocorticoid effect 16 . In humans, lumbar epidural dexamethasone has been used to treat patients with postoperative pain resulting from lower abdominal surgeries 10, 17 , hysterectomy 11 or orchiopexy and back pain 1, 18, 19 . The authors are unaware of any studies on the use of epidural dexamethasone in dogs to relieve pain and increase the duration of action of the lignocaine local anaesthetic in the postoperative period.
We hypothesized that dexamethasone with lignocaine by epidural route can improve the postoperative pain control in dogs. The primary purpose of this randomized blinded study was to evaluate the analgesic effects of three doses of dexamethasone when administered epidurally in combination with lignocaine for postoperative analgesia, and the secondary purpose was to evaluate the incidence of adverse effects of the epidural dexamethasone administration in female dogs undergoing OVH.
■ Methods
The experimental protocol of the present study was approved by the Ethics Committee for Animal Use, Universidade Federal do Mato Grosso do Sul, in accordance with the Good Clinical Practice guidelines. The study involved 28 adult female dogs (ASA status I, normal healthy patients) aged 2-6 years and weighing mean 11 (SD 6) kg that were admitted to the Faculty of Veterinary Medicine and Animal Science facilities to be neutered. The study protocol and the epidural procedure were explained to each owner, and written consent was obtained. Female dogs were excluded if there was a contraindication to epidural anaesthesia (previous pelvic fractures, coagulopathy, local infection) or
■ Introduction
Inadequate postoperative pain relief can delay recovery and increase the incidence of adverse effects, such as delayed healing, lack of appetite and decreased immunity 1 
.
Female dogs undergoing ovariohysterectomy (OVH) suffer pain of varying severity (mild-tomoderate) depending on the degree of surgical trauma, requiring analgesic drugs in the first postoperative day 2 . To increase the duration of analgesia, epidural techniques with local anaesthetics have been investigated in human and animal models in association with adjuncts such as opioids 3 , neostigmine 4 and alpha 2 -agonists
5
.
Epidural opioids were found to be associated with nausea, vomiting, pruritus, urinary retention and respiratory depression in dogs 6, 7 , and epidural administration of alpha 2 -agonists produced hypotension, bradycardia and sedation in children and dogs 5, 8, 9 . These adverse effects might not be appropriate in weakened animals or those with systemic disorders.
Corticosteroids are used clinically for their anti-inflammatory and immunosuppressive activity, and they have been shown to reduce postoperative pain when administered by the epidural route after various surgeries in human patients 10, 11 . The exact mechanism of this analgesic effect is not understood 12 , but several mechanisms have been suggested to explain it 13, 14 . Inhibition of phospholipase A2 and cyclooxygenase-2 expression by steroids during inflammation reduces prostaglandin synthesis and subsequently decreases the hyperalgesia associated with acute nociception during surgery 15 .
Dexamethasone phosphate (DEX) is a water soluble corticosteroid with high-potency and a long-acting glucocorticoid failure to achieve the epidural analgesia by the difficulty in locating the epidural space. Female dogs were also excluded if they were obese, because these animals are more susceptible to problems such as metabolic abnormalities, endocrinopathies, easier to have overdosing with anaesthetic drugs and animal's veins may be more difficult to locate and catheterize, or had received corticosteroids or immunosuppressive drugs in the last 6 months or had a contraindication to corticosteroids. All surgeries were performed by the same surgeon using midline approach with animal in dorsal recumbency and 3-hemostat technique, and did not take longer than 60 minutes.
Experimental design
Animals were randomly allocated on treatment analysis approach into one of four treatments (n = 6, for each treatment). Control animals were given a single epidural injection of lignocaine 2% without epinephrine (Treatment LI; 4.0 mg/kg; Xylestesin 2%, Cristália Chemical and Pharmaceutical Products, Itapira, BR). Animals in the other three treatment groups were given epidural injection of 2% lignocaine (2.0 mg/kg, mean dose 1.1 mL) containing either 2 mg dexamethasone phosphate (Treatment LIDEX2, mean dose 0.8 mL; Decadron 4 mg/mL, Aché Laboratórios Farmacêuticos S.A., Guarulhos, BR), 4 mg dexamethasone phosphate (Treatment LIDEX4, mean dose 1.4 mL) or 8 mg dexamethasone phosphate (Treatment LIDEX8, mean dose 1.6 mL). The dexamethasone doses used in this experiment were based on previous studies in humans 2, 14, 15 . All physiological data were monitored: heart rate (HR); respiratory rate (RR); systolic (SAP), diastolic (DAP), and mean (MAP) arterial blood pressures; and rectal temperature (RT) at baseline (T 0 ), 10 minutes after premedication (T 10 ), after the start of TIVA (T 20 ), after epidural injections (T 30 ), 60 min after epidural injections (T 60 ), and 120 min after epidural injections (T 120 ). After epidural injections, the pain and movement assessments were performed at 1, 2, 4 and 6 hours and then at 6-hour intervals for 24 hours by a blinded observer, accustomed to scoring ( Table 1 ). The nausea was evaluated by the presence of the vomiting anxiety, characterized by hypersalivation and an increase in the frequency of licking in order to coat the esophagus with bicarbonate-rich saliva preventing esophageal injury by stomach acid reflux. The presence or absence of nausea was assessed throughout the experimental period.
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Physiological measurements
Arterial blood pressures were measured through a multivariable analyser (Dixtal DX 2021; Dixtal Biomédica Ind e Com, Ltda, Manaus, BR) by using a noninvasive oscillometric device, with the cuff (width, 11.7-6.9 cm or 15-8.9 cm) placed over the ulnar artery on the forearm. HR was measured using electrocardiography, RR was determined by observing the number of chest excursions during a 1 minute, and RT was obtained with a digital thermometer (Tech Line, Mesore Technology Co. Ltd, Dongting Town, CH).
Anaesthesia -induction & maintenance procedures
Female dogs were admitted to the hospital one day before surgical procedures. All animals were fasted overnight but had free access to water up to 1 hour before the time of premedication. Female dogs were premedicated with 0.05 mg/kg of acepromazine (Acepran 0.2%; Univet S.A., São Paulo, Brazil) intramuscularly. The cephalic vein access was established using a 22-G intravenous cannula for the administration of 10 mL/ kg/h prophylactic Lactated Ringer's solution throughout the operation. All anaesthetic procedures, including endotracheal intubation and epidural injections were performed by the same blinded anaesthetist. Fifteen minutes after premedication administration, total intravenous anaesthesia (TIVA) was performed with propofol (Provive 1%; Claris Injectable Ltd, Ahmedabad, IN) to effect (4-6 mg/kg, mean dose 60 (SD 11) mg), which was administered slowly via the cephalic catheter. Adequate anaesthesia was assessed using jaw tone, eye position, coughing reflex, and ocular-palpebral reflex, and the dose of propofol was altered accordingly. If the depth of anaesthesia was considered to be inadequate (increase in SAP, DAP, MAP, HR or RR of >15% of baseline values and somatic responses such as voluntary gross movements of the forelimbs and head or swallowing), a bolus of propofol (1 mg/kg, IV) was administered.
Epidural administration
After anaesthesia induction, all animals were placed on a thermal bed (Styllus Term Produtos Térmicos, São Paulo, BR) in sternal recumbency with the pelvic limbs pulled forward. The lumbosacral region was identified, clipped and cleaned in an aseptic manner. A 19-G or 20-G, 8.1 cm Tuohy needle (Perican, B Braun, São Gonzalo, BR) was inserted into the lumbosacral epidural space (L7-S1). Proper needle positioning was confirmed by the hanging-drop method and lack of resistance upon injection of 0.5 mL of air. In all treatment groups, the total volume administered into the epidural space (0.25 mL/kg) was achieved by the addition of sterile saline 0.9% (Halexistar, Indústria Farmacêutica, Goiânia, BR). All dogs were maintained in sternal position for at least 15 minutes after administration of the epidural drugs to allow adequate spread of the injectate within the epidural canal, then the animal was positioned in dorsal decubitus and the surgery was performed.
Pain score and motor function assessment
A combination of scores, based on previous studies 20, 21 that evaluated postoperative pain in small animals, was used, and the same blinded observer did all evaluations. The return of motor function was considered to have occurred when there was spontaneous movement of the pelvic limbs and presence of a pedal reflex after the epidural administration of lignocaine, according to the movement criteria in Table  1 . Postoperative analgesia was evaluated,
using a score composed of physiologic and behavioural parameters. The quality and duration of analgesia was measured with a multidimensional composite pain scale of 0-18, on which 0 represented a complete lack of physiologic/behaviour(s) indicative of pain and 18 was the worst pain possible. In order to generate the total value of the pain score the sum of the criteria proposed in Table  1 was made. During this period the animals were kept in individual cages in the recovery room. Whenever the score was ≥ 6, analgesia was provided by tramadol (4 mg/kg, IM) and ketoprofen (2 mg/kg, IM). If the score remained > 6 at 20 minutes after administration of the first rescue analgesic, the female dogs were removed from the experiment and subsequent injections of morphine (0.5 mg/kg, IM) were administered until the pain score was <6. Other variables evaluated were nausea and vomiting.
After the first 24 hours of postoperative analgesic assessment, the female dogs were followed up in the out-patient department at 1 week after surgery by a veterinary surgeon for occurrence of adverse effects accompanying dexamethasone usage, such as wound infection or delayed wound healing. OVH scar healing and any inflammation or discharge from the wound was evaluated. To a better clinical evaluation of the surgical wound, we measured the wound swelling and a subjective manner the amount of redness and bruising.
Statistical analysis
Quantitative variables (HR, RR, SAP, DAP, MAP and RT) were analysed within and among groups by using analysis of variance (ANOVA) for repeated measures, and the post hoc Tukey method was applied. Analgesia and behavioural and ataxia variables (Table  1) were analysed within and among groups with the nonparametric Friedman's test. Statistical analyses were performed with Sigma Stat II (Systat Software Inc., San Jose, CA, USA). Data were grouped and summarized as mean ± standard deviation and median and interquartile range (IQR) for nonparametric tested parameters. For all comparisons, p<0.05 was considered statistically significant.
■ Results
After randomization, no significant differences were observed among groups based on demographic data, age and weight, ASA categorization, hemodynamic and respiratory parameters, and duration of surgery (Table 2) . Four dogs were excluded from the experiment because it was not possible to be sure that the epidural space was reached. All dogs regained motor function in all treatments in approximately 2 hours. All animals of all treatments that received dexamethasone epidural had a brief period of mild sedation clinically observed, after the return of motor function. Postoperative nausea was significantly less in the LI, LIDEX2 and LIDEX4 treatments versus the LIDEX8 treatment (p=0.03). No female dogs experienced wound infection or delayed wound healing at followup after 1 week. Time to first analgesic rescue was prolonged in dexamethasone treatments, 19.5 (SD 6) hours for LIDEX8 (p=0.001), 10 (SD 2) hours for LIDEX4 (p=0.002), 4 (SD 2) hours for LIDEX2 (p=0.074) treatments compared with values for the LI control treatment 2.2 (SD 1.6) hours (Figure 1 ). Female dogs in all treatment groups had changes in HR, RR and arterial blood pressures as shown in the Table 3 . HR was higher (p=0.032) with the LIDEX8 treatment compared to the basal values at 10-30 minutes. The arterial pressures (SAP, DAP and MAP) were lower (p=0.027) compared to the basal values following TIVA and epidural injections at 20-60 minutes in all treatments. RR decreased (p=0.017) compared to the basal values from 20 to 30 minutes in the LI and LIDEX2 treatments. RT was lower (p=0.03) compared to the basal values in the four treatments, which was from 30 to 120 minutes with the LI treatment and from 20 to 120 minutes with the LIDEX2, LIDEX4 and LIDEX8 treatments.
The 
■ Discussion
Our results suggest that dexamethasone administered by epidural route produces useful analgesia as observed by the increase of the time to first analgesic requirement in the immediate postoperative period in female dogs that underwent ovariohysterectomy. The postoperative pain observed in small animals after obstetric surgeries can be caused by more than one anatomical structure, and the pain may be considered to be visceral (deep) or somatic (superficial) 22 . In humans, epidural dexamethasone is significantly more effective than IV dexamethasone for reducing postoperative pain and requirement for analgesics following laparoscopic cholecystectomy
1
. However, no studies have investigated the effect of epidural dexamethasone treatment on postoperative pain after abdominal surgery in small animals.
The main finding of the current study was that adding dexamethasone (8 mg) to epidural lignocaine induced a prolonged postoperative analgesic duration (19.5 (SD 6) hours) in female dogs undergoing OVH. Similar results were obtained in humans with preoperative administration of dexamethasone (8 mg) given by epidural route providing analgesic effects in patients undergoing abdominal hysterectomy
11
. Patients who received epidural dexamethasone either alone or combined with bupivacaine had a longer duration of postoperative analgesia and less analgesic consumption compared to a control group that received IV dexamethasone and epidural bupivacaine 17 .
With regard to the potential mechanism for this effect, epidural dexamethasone interferes with the synthesis of intraspinal prostaglandin by inhibiting phospholipase A2 and the expression of cyclooxygenase 2. After surgical trauma, excitatory amino acids such as glutamate and aspartate are released from peripheral tissues. These activate the N-methyl-D-aspartate receptors of the dorsal horn neurons in the spinal cord, with a consequent increase in the intracellular calcium ion which is needed for activation of the enzyme phospholipase A2, which mobilizes arachidonic acid. Almost immediately, the expression of cyclo-oxygenase 2 is up-regulated, triggering the release of prostaglandin E2, which results in a hyperalgesic state 15 .
The study reported here demonstrates that adding 8 mg dexamethasone to epidural lignocaine in the preoperative period to female dogs undergoing OVH is more effective than adding either 2 mg or 4 mg dexamethasone to prolong postoperative analgesic duration. Previous studies in humans showed that lower doses of epidural dexamethasone may be effective in surgical procedures associated with mild or moderate pain such as laparoscopy, orchiopexy and herniorrhaphy 1, 10 . Although some surgeons are concerned that steroids impair healing, we must take into consideration that the biologic half-life of dexamethasone (36-58 hours) is less than the time required for a postoperative wound to heal, and wound healing takes approximately 1 week, by which time the steroid has been entirely cleared from the body 23 . In a human study, glucose levels remained unchanged after epidural administration of three doses (4, 6, and 8 mg) of dexamethasone
. We did not conduct histological analyses nor did us measure glucose levels, but based on clinical examination none of the animals in this study had wound infection or delayed healing after surgery. The motor blockade time that occurred in all treatments was consistent with the duration of action of the local anaesthetic lignocaine. This effect disappeared during the period of evaluation in the postoperative analgesia. Dexamethasone is related with central nervous system-stimulating side effects such as agitation 24 . However, a brief period of sedation was observed in all dexamethasone treatments in our study. Due to this unexpected result, the analgesic effect of dexamethasone 10 through systemic absorption may have influenced the assessment of sedation.
As the primary objective of this study was to establish a clinically effective and safe dose of dexamethasone into the epidural space to relieve postoperative pain in dogs after OVH, animal euthanasia was not performed to observe possible injury in the meninges and spinal cord. Previous experimental studies with
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intrathecal but not epidural, administration of methylprednisolone and betamethasone at high doses and continuously showed dosedependent intrathecal inflammatory reactions in dogs [25] [26] [27] . However, neuronal injuries, demyelination, or gliosis were not clinically observed in any animal in these studies. Another limitation of our study was the lack of measurement of blood glucose levels. The administration of a glucocorticoid is well known to reduce the hypoglycaemic effect of insulin and to interfere with blood glucose control in diabetic patients 28 . In humans, epidural dexamethasone at a dose of 8 mg is not associated with increased glucose level or delayed wound healing
. Finally, our study included a small sample size, composed of six female dogs each group. Despite that fact, the study assesses successfully that the combination of the local anaesthetic lignocaine with dexamethasone might be useful in the relief of postoperative pain.
■ Conclusions
Epidural dexamethasone at 8 mg combined with lignocaine was more effective to prolong postoperative analgesia in female dogs undergoing OVH than lower doses (2 or 4 mg). Cardiovascular changes were similar among all treatments but remained within acceptable limits. Dexamethasone usage had no side effects such as delayed wound healing or wound infection.
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